North Carolina State University's Supply Chain Resource Cooperative (SCRC) is a unique university-industry initiative that provides MBA and undergraduate students with opportunities to apply supply chain (SC) theory and concepts to field-based projects over a semester. We integrate field-based student course projects with real problems that companies are facing. The projects are led by SCRC directors, faculty at the Poole College of Management, and SC managers that financially support the SCRC. The SCRC focuses on improving the caliber of students entering the SC management profession. It accomplishes this by bringing the classroom into industry and involving students in finding viable solutions to real business problems, thus facilitating interactions between students and companies. Since 2000, 1,251 students have completed 331 projects with 39 companies. The SCRC is a self-funded small business that is supported by donor companies. Its organizational structure enables us to develop and maintain long-term relationships with donor companies, which are critical for a successful student-based outreach initiative with industry. In this paper, we describe the SCRC's evolution and benefits, and provide insights that may help other institutions interested in establishing similar organizations.
Peter Drucker said: "Management is a practice, like medicine and the model should have been the medical school, where the bulk of the teaching, especially the most important teaching of the M.D. in his or her residency, is performed by practitioners. Unlike medicine, where you can bring sick patients into the classroom, business education does not allow you to bring an organization into the classroom. You can, however, bring experience in through your faculty and students. Business educators should be out as practitioners where the problems and results are." (Dennis and Smith 2006) I n 1999, operations and supply chain faculty and staff at the Poole College of Management at North Carolina State University (NC State) recognized a talent gap in the supply chain management (SCM) field. Companies desired a pipeline of SCM practitioners, yet they were challenged to find business students with the applied skills necessary to deal with complex, ill-defined, real-world problems. Faced with a challenge to better meet the recruiting needs of companies, we sought to develop and implement a new educational model that would generate a pipeline of graduates with relevant skills who could make an immediate impact as freshly minted SCM practitioners.
The paper discusses how we created and implemented an educational model (i.e., the organization and infrastructure) called the Supply Chain Resource Cooperative (SCRC), a self-funded small business financially supported by donor companies. We embrace the "Drucker" approach of management education by bringing the classroom into industry to address real business problems using field-based student project courses completed with professional SC managers. We also discuss the lessons we learned over the past 11 years of running these courses. We hope to encourage other business schools to create similar initiatives to infuse education with "real consulting engagements for real companies, expecting real answers to real problems" (Francis 2009, p. 350) .
Creating the SCRC
In 1999, we recognized a need for an academic program that sought to combine theory and knowledge learned in the classroom with real-world experience; however, we also realized that such a structure might be difficult to incorporate into an MBA or undergraduate business curriculum. Earlier field-based research during the 1990s, such as the global electronic benchmarking network at Michigan State University, identified many "best practices" that were key to enterprise profitability and competitiveness (Monczka et al. 1995) . A fundamental result of this research was the critical role of hiring talented students who had MBA degrees in SCM and were capable of solving the types of new problems that were emerging in the field (Giunipero and Handfield 2004) . Even today, many companies realize that talent development planning is not an integrated part of their SC strategy (Handfield 2008) . These companies are seeking to build a talent pipeline; however, they are challenged by the difficulty of finding students from academic programs that provide the applied skills necessary to deal with the current challenges in the SC environment (Cottrill 2010) .
A compelling event that marked the launch of the SCRC was a meeting at NC State in August 1999 with Dave Nelson. At the time, Nelson was the chief supply chain officer at John Deere, a position he had formerly held at Honda of America. During his visit to NC State, Nelson agreed to provide seed funding to support a pilot of field-based student projects during the spring 2000 semester. The pilot would explore the concept of an industry-academic collaboration on these projects, that would have defined deliverables and teams that would interact directly with John Deere's SC associates. This new initiative was called the Supply Chain Resource Consortium (later changed to Cooperative) to reflect that students served as valuable external resources to John Deere in transforming its SC. The John Deere pilot project was a success, and several key recommendations emanating from the projects resulted in SC performance improvements.
Even with this early success, we realized that the SCRC needed more donor companies to meet student demand for field-based projects and to financially sustain it beyond one semester. We initially used four major activities to attract companies. First, we contacted companies that had expressed a need for SCM graduates. Many companies were interested; however, they were unsure about how to proceed because our concept was new to them. In our ensuing discussions with these companies, we shared the successful results of our pilot project at John Deere. Second, beginning in spring 2000, we invited SCRC donor companies and some guest companies to a semiannual end-of-semester two-day meeting that is not open to the public. The goals of these SCRC meetings are to (1) exchange ideas and knowledge about SCM, (2) showcase company-student projects, (3) foster relationships with companies, and (4) promote networking, especially among students and business professionals. Historically, approximately 100 people attend these meetings. In December 2010, we conducted our 22nd meeting. Third, we implemented an SCRC website for donor companies, which allowed the confidential sharing of information on projects and current issues. With faculty and students, we also implemented an SCM information portal that was instrumental in making relevant SCM information publicly available and attracting additional companies. Fourth, we produced promotional material (e.g., a newsletter and brochure) to garner industry support and motivate students to choose NC State's SCM concentration at the undergraduate and MBA level.
In 2000, we had four donor companies; by the end of 2001, nine companies provided financial support, thus creating a foundation for funding a full-time operational staff for the SCRC.
How the SCRC Operates
The SCRC is a self-funded small business embedded within a college of management in a large land grant institution. We operate it through our donor companies by facilitating field-based student projects with these companies. As a small business, we often wear multiple hats (e.g., customer service, sales and marketing, operations, and finance), and find that being a generalist is more important to the SCRC's success than being a specialist. It is important to realize that as a small business, the structure of personnel roles and the resources required to operate the business can be significant.
How We Are Organized
We found that the successful performance of the SCRC requires a minimum of three distinct roles: operations director, relationship director, and office manager. The operations director is responsible for running the SCRC business, whereas the relationship director is primarily responsible for marketing the organization and developing new business opportunities. These two roles require different knowledge, skills, and abilities-competencies that rarely exist in one individual. Recognizing this and staffing accordingly has been a key determinant of success for the SCRC. The relationship director is a tenured faculty member in the university (and receives a course release each semester for director duties) and must have a strong academic reputation and an enormous network of contacts in the SC field. This individual is also responsible for engaging faculty in applied research initiatives, providing executive education, and generating consulting opportunities with our donor companies. The operations director must have significant industry experience in the various SC functions and be comfortable with hands-on, tactical, and strategic SCM situations. The office manager executes the myriad administrative functions, such as invoicing, expense reporting and tracking, stakeholder communications, calendar management, building and office management, and planning and executing the semiannual meetings. Many of the functions this manager performs involve direct contact with our support companies; they are not merely transactional in nature. This position also requires excellent written and oral communications skills, attention to detail, and a focus on quality and customer service.
Excluding the first three semesters, in which we were in start-up mode, the size of the SCRC staff and student interns has ranged from three to five full-time equivalents, whereas the number of SCRC donor companies has ranged from 9 to 17.
Our Value Proposition
Our value proposition is to facilitate interaction between students and donor companies to enable a good educational experience for the students by giving them the opportunity to solve real problems for real companies and to create a pipeline of talented students available for recruitment by these companies. The SCRC represents a broad spectrum of industries dedicated to the development of future SC professionals. We provide resources to support the efforts of students and SC professionals at our donor companies, and to document and disseminate newly created SCM knowledge for the advancement of the field.
How We Are Funded
We have found that 12-15 donor companies are manageable for funding the SCRC and for sponsoring the projects in our MBA and undergraduate SCM courses. Each company makes a $30,000 annual donation. The SCRC is not a "fee-for-service" consulting organization. No quid pro quos are associated with the company donations. We neither guarantee projects for participating companies nor promise a specific return on investment for the projects. However, the reputation of NC State Poole College of Management and its faculty and staff for delivering value to organizations based on prior engagements is an important component in convincing companies to support the SCRC.
Company donations support our annual operating budget of approximately $350,000. This operating budget includes staff salaries and benefits, graduate student internships, the semiannual SCRC meetings, administrative support, equipment purchases, and travel. NC State owns the building that houses our offices and pays for the building's maintenance and utilities. NC State also pays for our university e-mail accounts and Internet access. A recent renovation of our office facility, which Caterpillar funded, was designed and constructed with consideration for student project teams; it provided ample meeting space, wireless communications, and access to speaker phones for student-company conference calls. Over the past 11 years, 20 MBA students have served as graduate assistants during the academic year as either Duke Energy fellows or SCRC interns. These graduate assistantships included tuition and stipends and provided over $500,000 of support for these students, thus freeing up university funds to support additional students. Any end-of-the-year surplus (i.e., donations exceed our budget) goes into a "rainy-day" account that covers our operating expenditures when we have a budget shortfall (i.e., our budget exceeds donations).
SCRC Companies
Most companies initially support the SCRC because it provides them with access to field-based student projects and student recruiting. Other reasons include faculty consulting and research, networking, and professional development. The primary reason that companies continue their support is a willingness to engage in our projects. The primary reason they stop supporting the SCRC is their lack of a well-defined SC. Our experience shows that engagements with information technology providers, consultancies, or organizations that do not have a well-defined SC organization are generally unsuccessful. In these businesses, new and conflicting issues often come up on short notice; therefore, staying focused on a 15-week student project is difficult. The second-most prevalent reason for stopping support is because our point of contact within the company moves to another role. If the new contact does not have the knowledge and understanding of how to collaborate with the SCRC, the continuity in the transition often does not work and the relationship fails. Other reasons are simply a function of economic issues, corporate restructuring, or an inability to meet student recruitment demands. Table 1 shows data on the SCRC's company affiliations. The SC professionals in the participating companies have included CEOs, vice presidents, directors, and managers in supply management, materials management, operations, manufacturing, and logistics. Our companies are in many industries, including construction equipment, financial services, transportation, pharmaceuticals, and energy (see Table 1 ). We have found that a good mix of industries is desirable for the following reasons. (1) Including many industries in our support network reduces the perception of competition among SCRC donor companies; (2) we do not want to become pigeonholed as an industry-based group; (3) topics and issues that transcend industries help us to provide a more versatile educational experience to our students; (4) high-level, industry-specific SCM differences (e.g., discrete manufacturing versus services versus process) provide breadth of experience for all constituents; (5) executives benefit from seeing that their problems and issues are shared in different environments; this can help them with creative problem solving and cross pollination of ideas. We have observed that many of the most common SCM tools and methodologies, including process analysis, Pareto analysis, total-cost modeling, and market intelligence studies, are widely applicable across industries.
More than half of the SCRC-affiliated companies are local. Of the 41 SCRC-affiliated companies, 26 are in North Carolina (see Table 1 ). Of these, approximately half are in the combined statistical area of RaleighDurham-Cary. Hence, much of our project interaction is not face to face, but virtual. Initially, we found that local companies were important in creating the SCRC. We also found that a large university was important in creating the SCRC because alumni supporters were often keen to make contact with their alma mater. In some cases, these alumni relationships resulted in companies becoming SCRC donors. Because the SCRC is self-funded, being attached to a large university is now less of a factor. However, promotion by a large university can provide brand-name recognition.
Relationships with Companies
The relationship with and knowledge of the donor company is vitally important in identifying and executing our student projects. Sharing experiences between the SCRC and the company builds trust and makes project identification and execution more effective and efficient. We work closely with our companies before, during, and after the projects, and we take advantage of opportunities to visit them. Like the Deming Center at the Columbia Business School (Fraiman 2002) , our semiannual meetings also provide an excellent opportunity to build relationships with the business professionals in our donor companies and to reach out to our alumni. We pursue long-term relationships with our donor companies. When we achieve this, we have generally found that companies have multiple stakeholders who have become experienced in identifying good SCRC-student projects and in knowing what supporting a project requires. We have also found that it is best if an acknowledged SCRC project liaison in each company has the responsibility to make the project happen within the organization. Our company project liaisons tend to direct the financial support and commit company resources. SC professionals are often results focused and have a "show-me-the-value" attitude, which we believe keeps the resource support aspect of the company-SCRC relationship close to our operational goals-student projects and student recruitment. Our project liaisons are familiar with the SCM challenges that their organizations face because most are in line management, not in staff roles. Their orientation is at a level that sees the strategic value of the relationship with the SCRC and focuses on the tactical to make the student-project engagement successful.
Engaging Donor Companies
Prior to the beginning of each semester, we work with an SCRC project liaison from each company to identify projects. When they have been identified, project leaders from the companies are selected. We then assign projects to courses: MBA SCM practicum, undergraduate SCM practicum, or MBA supply management. The MBA SCM practicum course is a required team-based project course for MBA students in the SCM concentration. The SCM undergraduate practicum course is also a team-based project course that works on a company's SCM issues. However, its scope tends to be narrower and better defined than the MBA practicum course. Our practicum students are expected to learn at two levels: first, they study and apply technical SC skills and analysis techniques particular to each project; second, they learn the teambased, deadline-driven nature of SC projects in a real company setting. The MBA supply management course is usually taken at the end of the first year of the full-time MBA program, thus providing summer internship opportunities for MBA SCM students. Approximately one-third of the full-time MBA SCM students interned with SCRC donor companies. This course also lays the groundwork for research methods that students use in the MBA SCM practicum in their second year.
Projects in these courses are led by the SCRC directors, Poole College of Management faculty, and the company project leaders. When assigning student teams to projects, we try to match the more experienced student teams to nonlocal companies and the less experienced teams to local companies. For example, nearly all of the undergraduate practicum projects are with local companies. Because NC State is an urban campus, we have more access to local companies than if we were located in a rural setting. However, many of our donor companies are service companies, which can often be found in most locales.
Over the past 11 years, we have learned how to prepare companies for engaging with the SCRC student teams. Company executives often began projects with different perceptions of what a project is, how broad its scope should be, whether the scope can be changed, and what can be accomplished over a 15-week semester. We have found that a project is usually successful if its deliverables are kept on track.
Within the first few weeks of the semester, the company and student team should finalize the project's scope. This facilitates project continuity because students will go back to the scope several times during the semester. Additionally, early in the semester, the company should provide the student team with background information on the business situation and environment for the project. This information shapes the context and nature of the project. Throughout the semester the company and student team should communicate weekly, and the company should provide ongoing guidance through scheduled discussions by conference call or in person.
Characteristics of Field-Based Student Project Course Initiatives
Active or experiential learning has become increasingly important to business schools as they respond to criticism about a lack of practical relevancy in the classroom (Bennis and O'Toole 2005) . The fieldbased student project is a form of active learning (Heriot et al. 2008) in which student teams apply concepts learned in the comfort and stability of a classroom environment to ill-defined, real-world business problems. In a field-based project, students learn by doing as they interact with industrial organizations to identify a problem, define a project scope, collect data, analyze the problem, propose viable solution approaches to the problem, and make actionable recommendations to the organization. Table 2 provides a comparison of the literature that reports characteristics of field-based student project course initiatives in SCM and related fields. These include: SCM (Kopczak and Fransoo 2000) , this research (2011) (OM) (Ahire 2001 , Fish 2008 , Fraiman 2002 , Gorman 2010 , Harvey 1998 , and Heriot et al. 2008 Table 2 , the SCRC has had the largest number of students and companies engaged in its field-based projects. Since 2000, 1,251 SCM students have completed 331 field-based projects for 39 companies at the MBA and undergraduate levels.
Organizational Structures of Field-Based Student Project Initiatives
Although many in the literature view their fieldbased student projects as consulting engagements (e.g., Armacost and Lowe 2003, Gorman 2010) , their organizations do not provide "fee-for-service" consulting (Miller 2010) . Interestingly, Gorman (2010) often asks his project sponsors to justify the "expense" of a $100,000 consulting project. However, he does not charge a fee for the project; his objective is to initially encourage company participation in the projects and he wants the participating companies to be fully engaged and committed to the project. This seems to work well. Gorman (2011) documents extensive quantitative and qualitative benefits through his surveys of students and client organizations who have participated in the University of Dayton's OM undergraduate capstone field-based course. The SCRC and the Deming Center at Columbia Business School (Fraiman 2002 ) are the only initiatives in the literature (see Table 3 ) that report a formal university-industry organizational structure. In Table 3 , we distinguish "formal" from "informal." A formal organizational structure has an operational staff funded by supporting companies; an informal structure does not. In the informal structure, a single faculty member usually teaches the course. The SCRC receives its annual financial support from donor companies, and the Deming Center (Fraiman 2002) receives support from its members. Like other organizations in the papers reported in Table 3 (Armacost  and Lowe 2003 , Giauque 1980 , Giauque and Sawaya 1982 , Kopczak and Fransoo 2000 , and Kumar and El Sawy 1998 , we receive reimbursement from our donor companies for project-related expenses, including travel, per diem, and administration expenses for students and (or) faculty. Some project sponsors also support students financially (Eaves 1997) and pay for instructor salaries (Kopczak and Fransoo 2000) . We have found a formal organizational structure to be helpful in finding project sponsors. Rather than relying on a "cold-call-for-projects" announcement to find potential donors each time a course is offered, we recruit project sponsors directly from our donor companies. Given the time-consuming task of finding new project sponsors, getting repeat business can be a "difference maker" in the success of an industryuniversity initiative (Miller 2010) . Nearly half of the initiatives in Table 3 report repeat business. Interestingly, although Gorman (2010) has had repeat business, he uses a managed-turnover process in which approximately 25-40 percent of existing clients are replaced with new clients each year to promote diversity and reduce the risk of relying on a small set of clients in an ever-changing economy. Instead of Interfaces 41(6), pp. 548-563, © 2011 INFORMS periodically changing companies, we seek long-term relationships (and repeat business) with our donor companies and strive for a mix of industries to mitigate the risk of being overly focused in a specific industry.
In summary, through the financial support of our donor companies, the SCRC provides a formal organizational structure to facilitate our projects. The SCRC organizational structure enables us to develop and maintain long-term relationships with our donor companies, which is critical for a successful studentbased outreach initiative with industry (Miller 2010 ).
Benefits of Field-Based Student Project Course Initiatives
A consistent theme in the literature is that both the benefits and costs of a field-based student project course are high. These courses typically require more effort than lecture-based courses. For example, Kopczak and Fransoo (2000) discuss a graduatelevel course in which joint teams from Stanford University and the Eindhoven University of Technology in The Netherlands completed company projects involving global SCM issues. The time investment for faculty members at Stanford and Eindhoven was substantial-about 250 hours for each of the two professors running the 10-week course with three projects. Although not as substantial, Gorman (2010) reports that faculty spend approximately 20 hours with each of the four teams that are typically managed each semester. Although the costs are high, student-based field project courses have the potential to be highly beneficial to academic institutions, students, and client organizations (Gorman 2011 ).
Benefits to Academic Institutions
Like most of the literature listed in Table 4 , we have found that field-based student project courses enhance the reputation of the academic institution in the local business community and strengthen its relationships with industry. Initially, there was little institutional support for the SCRC, but we were given carte blanche from NC State. However, after several years of successful project outcomes and recognition by the press and by donor companies, and when it became evident that the initiative was self-funding, the SCRC was acknowledged and championed by our college administrators. The SCRC clearly supports the strategic direction of the Poole College of Management to provide "real" experiences to its students and supports the outreach mission of NC State as a land grant university. The dean of NC State's Poole College of Management has recognized that the SCRC is a "crown jewel." The university's chancellor has also been supportive because of the strong support by Caterpillar and other donor companies. Like others listed in Table 4 (Ahire et al. 2007 , Gorman et al. 2009 , Sonntag and Grossman 1999 , our projects have reinforced the applied research skills of faculty and resulted in publications (e.g., Bailey et al. 2011) . The SCRC has also raised the profile of the Poole College of Management because it was ranked as one of the top 20 SCM schools in the United States based on a recent survey of academics and industry executives (Fawcett 2009 ).
Benefits to Students
Our observations of student benefits do not differ from those reported in the literature. In the literature (see Table 4 ), Gorman (2011) provides the most comprehensive review of student benefits. He reports on quantitative and qualitative responses of undergraduate students based on student course evaluations n = 136 at the completion of the University of Dayton's field-consulting capstone OM course, student exit interviews upon graduation n = 73 , and a postgraduate survey n = 101 that captured students' reflections on the capstone course up to seven years after completing it. The benefits we observed, which are best summarized collectively from Gorman (2011), Grossman (2002) , and Kopczak and Fransoo (2000) , are as follows. (1) Students gain real-world experience as they apply the theory learned in class to ill-defined problems; (2) students improve their project management and consulting skills; (3) students improve their understanding of the soft issues; (4) students increase their ability to work effectively in a project team. These skills and competencies are in high demand in industry (Cottrill 2010) . Gorman (2011) found that what students learned in the capstone OM course was more helpful to them in getting jobs and in their careers when compared to what they learned in other traditional OM courses. 
Benefits to Alumni
In a few instances (see Table 4 ), the literature report on alumni lauding the knowledge they gained from their field-based student projects. Other than the extensive survey by Gorman (2011 ), Eaves (1997 reports two letters from alumni discussing the value of his field-based project course, and Kumar and El Sawy (1998) discuss e-mails they received from alumni stating how they are still using what they learned in their project courses in their jobs. We also report on five letters documenting alumni learning benefits from our projects (see Table 4 ). We have found that in their jobs, our alumni must often rely on experiential knowledge and the ability to "think on one's feet," which their curricular experiences in SCRC projects promote. For example, a recent MBA SCM graduate sent this e-mail in June 2010:
My company recently sent me on a short-term assignment to provide supply chain procurement support for some new business tenders. This project represents an interesting evolutionary leap in our supply chain thinking-the idea of pushing procurement into the "front" of the supply chain to support business development and use our sourcing skills to accomplish two objectives: identify new sources of supply in a brand new territory and to obtain pricing at the lowest possible cost. Specifically, I have been tasked with creating a logistics plan for a very complex move involving one of our major customers that will ship 11,000 tons of equipment to a major port. It's up to me to design a plan, including pricing to get it from this port to the job site. So it's a little bit challenging, but also a very exciting experience! Lots of important people are watching this tender. In fact I have a meeting tomorrow with our Supply Chain VP, Procurement & Logistics VP, my director and a few others to discuss this strategy going forward.
This represents the experiences that MBA SCM graduates from our program can have when they get into the workforce. This example is not unique. In the summer of 2010, six students worked assisting BP with the oil-spill cleanup and were asked to perform a number of impromptu SCM responsibilities. Others work in biotechnology, health care, manufacturing, financial services, energy, and other fields, armed with the experiences that they have taken away from the projects. Being effective in the SC environment today requires a mixture of core tools, analytics, process thinking, willingness to try new ideas, and an ability to quickly adapt to new situations-the types of skills SCM students learn in their project courses with our SCRC donor companies.
Benefits to Client Organizations
Field-based student project courses can provide quantitative benefits (e.g., reduced costs and enhanced Interfaces 41(6), pp. 548-563, © 2011 INFORMS profits) and qualitative benefits (e.g., letters) to sponsoring companies. The literature (see Table 4 ) provides some instances that report monetized estimates of project value. Gorman (2010) reports estimated savings of $4,100,000 from 8 projects, Ahire (2001) reports estimated savings of $1,336,000 from 10 projects, Giauque and Sawaya (1982) report estimated savings of $212,000 from 5 projects, Eaves (1997) reports estimated savings of $150,000 from 1 project, and Giauque (1980) reports estimated savings of $33,000 from 2 projects.
There can be many reasons for not reporting dollar savings. First, some of the literature listed in Table 4 (e.g., Armacost and Lowe 2003 , Fish 2008 , Harvey 1998 , Heriot et al. 2008 , Kopczak and Fransoo 2000 , and Kumar and El Sawy 1998 do not focus on quantifying financial benefits; rather, they report on the how and why of instructional design and delivery of using field-based student projects and its pedagogical improvements over traditional lecture courses. Second, according to Grossman (2002) , field-based student projects rarely add value to the clients when the projects are selected by the students and not the faculty. Third, quantifying a monetary value of a fieldbased student project is difficult. Ahire (2001) found that some projects are easier to monetize than others. Giauque (1980) and Giauque and Sawaya (1982) found that it is especially difficult for companies to monetize their strategic projects. In our experience over the past 11 years, the more strategic a project is, the more difficult it is to monetize results. Strategic projects seem commonplace for SC problems because they often impact many parts of the business, thus making it difficult to estimate a project's monetary value. Conversely, estimating the dollar benefits of more tactical problems can be easier. For example, a logistics planning manager at the Caterpillar facility in Sanford, North Carolina writes:
Over the course of academic year 2003-2004, two MBA student teams worked on a project to reduce inbound freight costs to the Caterpillar's Sanford facility. The first semester the MBA team defined the problems, gathered data, performed detailed freight cost analyses, and made recommendations to facility management for how to reduce inbound freight costs. In addition to the recommendations, the team projected significant potential savings that caught the attention of the Operations Manager and he challenged me and NC State to bring a team back the following semester to implement the recommendations. A second MBA team was formed the next semester, and they went to Caterpillar Corporate Headquarters in Peoria, Illinois for almost a week to meet with carriers and corporate traffic managers to develop and implement a pilot program to reduce inbound freight. Once the pilot plan was developed in Peoria, the team returned to North Carolina to oversee the pilot implementation and document results. At the time, Caterpillar was involved in six sigma and all projects were under tight controls from its Accounting Department to ensure savings being reported were actual bottom line savings. At the conclusion of the student project, the Accounting Department validated the project had achieved $500,000 in bottom line savings to the facility. The methodologies applied in the pilot program centered primarily around modifying shipping schedules to improve cube and weight utilization of inbound full load shipments from the freight consolidator in Peoria, Illinois and implementing "milk runs" with some of the LTL carriers along the East Coast. Project deliverables included extensive mapping and analysis of shipping lanes, consolidation points, carriers, production volumes, purchase quantities (EOQs), and packaging lot sizes. Ahire (2001) and Gorman (2010) requested students in each project to identify dollar savings, which can result in inflated estimates. For example, Gorman (2010, p. 442) states: "Across all projects, of $20 million identified by student teams, clients have verified over $4 million in one-time or ongoing potential cost savings." Gorman (2010) further notes that these clientverified benefits were estimates at the time the course was completed and not actual realized savings. The 70 projects reported in Ahire (2001) included 10 letters from clients that verified student estimates. From these letters, few (if any) of the student recommendations appear to have been implemented at the time the letters were written. However, we report actual realized savings of $1,250,000 from two projects (see Table 4 ). Giauque (1980) and Giauque and Sawaya (1982) did not ask students to assess project value; they asked companies what they would have paid a consultant to do what the student team did.
In contrast to the literature listed in Table 4 , we do not require our students or sponsoring companies to identify and estimate dollar savings for their projects at the completion of our courses. Instead, as a selffunded small business, we rely on donor-company retention as a measure of the value we provide. Of the 35 donor companies shown in Table 1 , four companies have financially supported the SCRC for 10 years and nine companies have supported it for 5-9 years. This is impressive, considering that the SCRC has only been in existence since 2000. If the SCRC did not provide value, we do not believe our donor companies would financially support it.
Benefits of Placement
The job placement of students with project sponsors benefits both students and companies and enhances the reputation of the academic institution. Besides the SCRC, only Eaves (1997) , Gorman (2011), and Grossman (2002) report that some of their students were hired by a project sponsor. For example, Gorman (2011) states, "American Trim Corporation boasts the distinction of having hired students from the first two consulting engagements after seeing the impressive skill sets exhibited through the workings and presentations." Compared to these, we have a strong record of student placement with our donor companies. For its MBA classes of 2005-2010, NC State had 216 full-time students, of which 76 had SCM as their primary concentration. Of the number of full-time MBA SCM students, 49 percent (37 out of 76) received job offers at SCRC donor companies. Like Gorman (2011) , even when our donor companies do not hire our students, the students find that their experiences of working on a team to address real SC problems are invaluable during the job interview process. Our success in student placement has been a team effort accomplished through our strong relationships with the SCRC donor companies and the Poole College of Management's placement office.
Concluding Remarks
In the SCRC, we created an industry-university initiative that focuses on improving the SCM profession, especially for NC State students and SCRC donor companies. Through the SCRC, we have taken the classroom into industry and engaged students in finding solutions to the real-world business problems of our donor companies. Although students gain real experience, companies benefit from the on-the-job interaction, guided problem solving with a "fresh set of eyes," and development of a pipeline of highly qualified SCM professionals. Our real-world, projectbased approach to education reflects the model for business schools that Peter Drucker described (Dennis and Smith 2006) . The SCRC staff, the operation and supply chain faculty, the placement office in the Poole College of Management, and SCM professionals from donor companies are working together to improve the educational opportunities for those who study SCM at NC State. We encourage other business schools to augment their curriculum with field-based student project courses, whether on an informal basis or through a larger, formal initiative such as the SCRC to meet the growing demand for applied learning at the MBA and undergraduate levels.
Rick Wilcox, Senior Vice President, Bank of America Supply Chain Management, writes: "Bank of America (BAC) has been a participant in the North Carolina State University Supply Chain Resource Cooperative (SCRC) since 2006. We feel the relationship is a 'winwin' opportunity for Bank of America and North Carolina State University.
"The purpose of the engagement is to bring business situations to students that will build an educational experience by working on current supply chain projects for the bank. The relationship provides the bank with a great opportunity to have access to current research data and diverse analytical perspectives that can be key in building out executable strategies for supply chain management. "The managed relationship process provides support for two to four executive approved projects during the spring and fall semesters. The project teams operate in a virtual environment that offers an invaluable experience for students to connect with teammates on a global level. It creates a realistic dynamic that mimics how most companies operate in today's global workplace. By being able to manage the project deliverables remotely, the bank benefits by having access to the top talent of a distinguished academic program.
"The participation in the program also provides a great opportunity to establish a pipeline of well rounded future supply chain managers and Bank of America is pleased participate in this cooperative experience." Robert Ciamarra, Associate Director-GMP Sourcing, Biogen, writes: "Over the past 2 years, Biogen Idec's Supply Chain organization has sponsored four SCRC student teams on projects related to sourcing, risk management, and performance monitoring. All teams have been based in RTP [Research Triangle Park] , North Carolina while most of their Biogen Idec sponsors and clients have been located in the Northeast US (MA) and Europe. Each team has a Biogen Idec sponsor and a SCRC/NC State faculty advisor. This has provided the teams with oversight and access to resources at Biogen and NC State, thereby maximizing their productivity. The benefits of these projects to Biogen include: (i) substantial price reductions >50% unit price reduction) of commodity materials through should-cost analyses, and (ii) enhancements to risk management tools, such as risk-mapping and key performance indicators, which have since been used by new product launch teams to identify major risks and develop mitigation plans. In both of these examples as well as the other two not mentioned, the SCRC teams have been challenged to solve problems theoretically and empirically. Application of theory with imperfect data and a myriad of environmental factors required these teams to make sound judgments and recommendations that can be implemented (as demonstrated above)." DC Hanback, Executive Director, Caterpillar Production System, writes: "Over the past several years, Caterpillar Inc. has partnered with NC State University as part of their Supply Chain Research Cooperative (SCRC) in order to provide real-life experiences to their students in the Supply Chain program. Throughout the years, students have had the opportunity to participate in many supply chain related projects, mainly in the North Carolina assembly facilities. This partnership has provided the students an opportunity to apply their academic knowledge in a practical environment. The benefits to Caterpillar have included:
• Understanding and applying the most recent academic perspective on real-life issues and challenges
• Application and execution of recommendations delivered by SCRC teams with realized benefits
• Experiencing the quality and characteristics of NC State Supply Chain students (Cat has hired multiple NC State undergrad and graduate students over the last two years who were identified through this program)
"Caterpillar continues to build the relationship with NC State's SCRC program, realizing great value in the partnership and results delivered by the student teams. Caterpillar intends to continue participating in this program and strengthening the benefits described above." C. Curtis Price, P. E., Director, Carolinas Warehouse Operations, Duke Energy writes: "Duke Energy has been involved with the NC State University Resource Cooperative (SCRC) program for several years, but our participation has increased significantly in the last five years. From a Duke Energy perspective, the SCRC allows us to collaborate with the university and the students to build a stronger supply chain organization. I have attended several utility supply chain conferences and currently serve on the board of directors of one of these organizations. The advantage of the SCRC is that it provides a venue to hear supply chain issues and solutions outside the utility industry across diverse industries. The most important aspect of the SCRC for me is working with the student teams. I have sponsored several projects for both MBA and undergraduate students. I have found the students to be very motivated by the fact they can work on an actual project in a corporate setting. In selecting projects, we look for current supply chain issues facing the organization and then determine with the NCSU practicum faculty leader if it fits better as an MBA or an undergraduate project. The students are able to apply their knowledge from their supply chain courses and their background research for the project and develop solutions. We have been able to implement recommendations from many of the projects and immediately see the results of the students' efforts. The student projects bring an outside perspective to finding solutions to the issues with an academic focus. Duke Energy also has an opportunity to look at student performance in action, when we are selecting candidates for internships or future employment." • Perspective from across-all-industry as researched by MBA students • Thought leadership provided by NC State faculty and staff
• Practical recommendations that reduce risk and drive financial improvement "As one example, I sponsored a Logistics Improvement SCRC project that delivered proven inventory management tools that had not been known at Ministry Health Care, or much in the Healthcare Industry, yet are common in other industries. Specifically, from the SCRC's recommendations, Ministry has implemented an ABC Inventory System and an EOQ model with following benefits:
• From ABC, Ministry implemented a Kan-Ban supply replenishment system to better manage 'C' inventory items, resulting in the reduction of 0.5 FTE as well as eliminating over 22,000 wasted steps, in just one of our fifteen hospitals. Furthermore, and most importantly, this allowed our nurses the time to focus on better serving the patient rather than worrying about supplies.
• From EOQ, Ministry has now mathematically calculated inventory levels versus our previous guess work and has realized a $750,000 reduction in inventory value across our hospital system. "In summary, the SCRC at NC State has been a pioneer in the area of industry partnering with academia to develop solutions to real-world Supply Chain problems. This is done by not only understanding perspective and tools from across-all-industry but by the students developing practical recommendations that can deliver the results expected." Bert Coslow, Operations and Materials Control Specialist, Halliburton Project Management, writes: "As you know, I was a student in the full-time MBA Supply Chain program at North Carolina State University from Fall 2007-May 2009. As a student of this program, I had the opportunity to participate in the Supply Chain Resource Cooperative, completing two projects within the Supply Chain curriculum, as well as several additional projects as a Duke Energy Fellow.
"My objectives for pursuing an MBA were to obtain the concepts, knowledge and experience required to make a career change from the public sector to private industry. Specifically, I focused on the supply chain concentration due to the high demand for qualified supply chain professionals, the highly strategic nature of supply chain operations, and the unique, comprehensive picture of the value stream that is delivered by understanding an organization's supply chain.
"In my MBA Supply Chain education, the single most valuable component was the applied, experiential, project-based nature of the SCRC curriculum. Through collaborating and working with a team on SCRC projects, management concepts and theories conveyed through classroom learning are put to use in current, real-world situations involving real companies and the real challenges that they face. That experiential learning codifies classroom knowledge into a skill set that better enables the student to tackle larger projects and solve more complex problems. To clarify this point, I offer the following example: "In the Summer of 2008, I took an internship with Halliburton (then an SCRC-member company), and was assigned a project that involved building an evidentiary case to either support or reject a proposal to outsource a line of equipment to a 3rd party supplier. In the semester immediately preceding my internship, I completed an SCRC project that involved understanding and using a total cost of ownership (TCO) model. Thus, I was able to "hit the ground running" on my intern project. Not only could I articulate what TCO was in theory, but I'd had experience building a TCO model and using it to make decisions.
"The success with my project resulted in a full-time job offer from Halliburton. As a new employee, the experiences gained through projects with the SCRC enabled me to ramp up more quickly on new projects. Essentially, my SCRC work helped to reduce the learning curve during my transition from full-time student to full-time employee.
"Blaise Pascal once said to his mathematics students upon their graduation 'I have taught you all I know. Now your true education begins.' My experience with the SCRC is evocative of Pascal's words, as I was able to start my 'true education' in Supply Chain Management while still a student, and therein I believe, lies the SCRC's greatest contribution to supply chain education." Joseph Reuss, NCSU MBA Graduate, 2007, Talisman Energy, Category Lead-Facilities and Construction, writes: "After graduating with a Physics degree, I decided an MBA would be a valuable complement to this technical coursework and would position me as a more marketable candidate for employment. As such, I decided on North Carolina State University and entered the program with an open mind "Upon arrival, I was immediately exposed to a variety of great opportunities, but was most impressed by those provided by the SCRC. Therefore, I chose to pursue coursework in supply chain management.
"Pursuing my MBA straight from my undergraduate program, I had reservations about my lack of industry experience upon graduation. The SCRC was a great solution to help fill this gap, and I took full advantage. I was involved with various projects with world class companies such as Bechtel, American Airlines, and IBM.
"In addition, I also applied for and was awarded a fellowship with Duke Energy. This provided yet another opportunity to get involved with real-world projects. At Duke I worked with many of the Chief Procurement Officer's direct reports, tackling projects with a fresh academic perspective with great support from my professors.
"During my first summer, I interned with an SCRC partner, and then joined the company full time upon graduation. While an employee, I again pursued opportunities to get involved with the SCRC, this time from an industry perspective. I managed two practicum projects on behalf of the company, and found both to be very rewarding and valuable.
"Overall the SCRC has been a tremendously valuable program for me. I have had the unique opportunity of being involved on both sides. Through my involvement with the practicum projects, Duke Energy Fellowship, and various other projects, I was able to develop my network, improve my skill set, and accelerate my professional development. This allowed me to graduate with not just a degree, but a strong sense of how the industry functioned. I owe a great deal of the success I have had up to this point to the opportunities and foundation provided to me by the SCRC. Combining real world projects with academic coursework provides great value for all parties involved; I am a strong advocate of this program." Stuart Williams, 2009, CARQUEST/GPI, Inc., Manager-Supply Planning, writes: "As an education administrator seeking a career change, pursuing my MBA seemed the logical step to pivot from the public sector to a for-profit company. My professional experience included master scheduling, balancing the 'inventory' of class sizes and graduation requirements and collaborating across multiple organizations yet I lacked formal SCM training and knowledge. Participating in projects with SCRC member companies gave me opportunities to learn and practice core and advanced SCM skills alongside seasoned SCM professionals.
"This experiential learning, the expectation to deliver results on 'live' projects to SCM executives from member companies, provided a richer education than any problem set or logistics model ever could. Vetting my ideas and project with my project sponsors and professors taught me to routinely think a step ahead, ensure I was on a solid foundation of SCM principles and always be prepared. I like to believe I always displayed these skills but working with the SCRC and member company project sponsors helped these skills flourish in a real world setting.
"After graduation I began a career in SCM with CARQUEST/GPI, Inc., an automotive aftermarket distribution company. I was able to contribute almost immediately on a process standardization and measurement project that closely mirrored my final MBA practicum project. Without the benefit of working with the SCRC I would have been unable to tie supply chain metrics to corporate strategy and sell my ideas to upper management. "I am fortunate to have a job near the SCRC. The professors are always willing to offer advice on SCM challenges and like to have alumni return to the classroom to share the real world application of our learning."
